This experiment was carried out to evaluate the effects of replacing corn by high tannin sorghum in diets of japanese quails (Coturnix coturnix japonica) on performance and egg quality. Two hundred and fifty-two quails with 50 weeks of age were evaluated during four periods of 21 days. The treatments consisted of diets containing 20, 40, 60, 80 and 100% of sorghum, and a control treatment (100% of corn). Diets were formulated so that the levels of energy, protein, amino acids (methionine+cystine and lysine), calcium and phosphorus were similar A completely randomized experimental design was used, with six treatments, six replicates and seven quails for experimental unit. Evaluated parameters were egg production (%), feed intake, feed: gain ratio (kg/ kg and kg/dozen), egg mass (g), egg weight and egg quality (Haugh unit, eggshell percentage, shell thickness and yolk color). The increasing sorghum levels had a negative linear effect (p<0.05) on egg production (Y=82.9138 0.0966553X; R 2 =0.87), egg mass (Y= 8.0840626 0.009336932X; R 2 =0.80) and yolk color (Y=7.14340-0.0546875X; R 2 =0.98). On the other hand, the replacement had a positive linear effect on feed:gain ratio expressed as kg/kg (Y=0.372174 + 0.000536191X; R 2 =0.92) and as kg/dozen (Y=2.71516 + 0.00423485X; R 2 =0.94). Control treatment means were different by Dunnetts test (p<0.05) for egg mass (g) when compared to the treatment with 100% of replacement and for yolk color when compared to treatments containing 20, 40, 60, 80 and 100% of sorghum. There were no differences (p>0.05) in feed intake, egg weight, Haugh unit, eggshell percentage and shell thickness. In conclusion, up to 80% of high tannin sorghum may be used on diets if xanthophyll pigments are added in order to maintain the commercial quality of final products.
INTRODUCTION
The increasing use of corn in animal feeding has resulted in a competition with its use in human feeding. Besides, corn production and commercialization have been frequently influenced by the governments economic policies, and have been subjected to variations depending on availability and price (Whitaker & Carvalho, 1997) .
Several researches have evaluated substitutes for corn and, in this situation the use of uncommon food ingredients in animal diet formulation must be better appraised. For such evaluations, the nutritional value of the food, the best inclusion level in diets and economic viability should be considered (Nascimento, 1997) . One of the optional ingredients is sorghum.
Virtually all produced sorghum is used for either human or animal feeding. In developing countries, sorghum is broadly used in human feeding; in developed countries, however, almost all sorghum is used as forage for animals and a small remaining portion is used to obtain by-products (Rostagno, 1976) .
In poultry nutrition, sorghum grains are being studied as a possible energy substitute for corn, based on the similarity of their chemical compositions. Sorghum has smaller levels of dry matter but, on the other hand, corn contains more fat than sorghum. The other nutrient levels of the two cereals are similar (Rostagno et al., 2000) .
A factor that must be considered when using sorghum grains in animal nutrition is the presence of phenolic substances (tannins), which limit large-scale use. If, on the one hand, the high tannin contents in the seed reduce the damages caused by birds to the culture due to the astringent flavor, on the other, the seeds become also less palatable and nutritive, since tannin interferes with the metabolism of carbohydrates and proteins (Rostagno et al., 1973) . The level of tannin in sorghum grains varies from 1.3 to 3.6% in high tannin sorghum and from 0.1 to 0.7% in low tannin sorghum (Myer et al., 1986) .
Several studies have shown that sorghum with low tannin levels may partially or totally replace corn in bird diets without affecting weight gain, feed intake, feed:gain ratio, carcass yield, quality of eggs and reproductive performance (Hulan & Proudfoot, 1982; Santos et al., 1982; Castro & Costa, 1984; Streeter et al., 1991; Louis et al., 1997) . On the other hand, Rostagno et al. (1973) and Armstrong et al. (1973) reported lower weight gain and poorer feed:gain ratio in broiler chickens fed diets containing high tannin sorghum grains with protein levels of 14-16%.
Corn was substituted by sorghum in initial and final broiler diets and no differences were seen for weight gain, feed intake and feed:gain ratio (Lopez et al., 1974 , Trinidade et al., 1974 . It was concluded that the replacement viability is determined by the economic situation (prices of the different ingredients), and it is also necessary to add pigments to the diets, since consumers prefer carcasses with more yellowish coloration. Malik & Quisenberry (1963) replaced corn with sorghum in laying hen diets. At 75 and 100% substitution levels, it was detected a decrease in egg production, egg weight and yolk pigmentation. When sorghum was used at 50%, values similar to the control group (100% corn) were obtained for egg production, egg weight and pigmentation. Bonnino & Mazza (1971) reported decrease in egg weight and worse feed: gain ratio when corn was totally substituted by low tannin sorghum; however, sorghum did not affect egg production.
Better results were obtained for laying hens when 50% of the corn was replaced by low-tannin sorghum in diets, with no differences in mortality, egg weight and feed:gain ratio (Costa et al., 1974) . These results agree with Bornstein & Bartov (1967) , who compared the performance of laying hens fed with corn, cornsorghum (50-50%) and sorghum. There were no differences in egg production and feed: gain ratio among treatments. Bonnino et al. (1980) used sorghum with high tannin and 16% of crude protein in the diet of laying hens and reported that egg production was lower in diets containing low tannin sorghum (72 and 77%, respectively). Birds fed diets based on high tannin sorghum presented lower egg production and poorer feed:gain ratio when compared to birds fed diets with low tannin sorghum or the corn-based basal diet (Armanious et al., 1973) .
Considering the importance of this alternative ingredient in non-ruminant feeding, this work evaluated the effects of the substitution of sorghum for corn in diets of Japanese quails (Coturnix coturnix japonica), at different levels, on performance and egg quality.
MATERIAL AND METHODS
The experiment was carried out at Universidade Estadual de Maringá, from July 20 th to October 08 th , 2002. Two hundred and fifty-two Japanese quails (Coturnix coturnix japonica) were used. The experiment lasted for four periods of 21 days during the laying phase (second production cycle), starting when the birds were 50 weeks of age. They were distributed in a completely randomized design with six treatments, six repetitions and seven quails per experimental unit.
Diets were formulated according to the nutritional requirements of NRC (1994), considering the composition of ingredients according to Rostagno et al. (2000) . Treatments consisted of a control treatment (100% of corn) and treatments in which corn was replaced by sorghum with high tannin, at levels of 20, 40, 60, 80 and 100%. The diets had similar levels of metabolizable energy (kcal/kg), crude protein, methionine+cystine, lysine, calcium and available phosphorus ( Table 1 ). The tannin level of sorghum grains was 1.44% as determined by the Prussian blue method.
Quails were housed in galvanized wire cages with 24x38x15 cm of width, length and height, respectively. Experimental diets were given ad libitum and an adaptation period of three days was considered. Natural and artificial lighting was used, with a total of 17 hours of light. Maximum and minimum temperatures recorded during the experiment were 24.02°C and 18.56°C, respectively.
Eggs were collected daily and egg production per cage was determined. On the 21 st day of each period, feed intake (g/bird/day) and feed: gain ratio of the period were determined (kg/kg and kg/dozen). In the last four days of each period, eggs were weighed (g±0.01) to determine mean egg weight, and a sample of three eggs of each replicate was broken to evaluate internal egg quality, calculated as follows and expressed in Haugh unities: U.H. = [100x log (albumen height + 7.57 1.7 x egg weight 0.37 )]. Yolk color was determined using the colorimetric fan from Roche ® , which includes yolk colors that are produced under normal feeding conditions.
To determine eggshell percentage, eggshells were washed and dried at environmental temperature for 48 hours. After drying, they were weighed and eggshell percentage (%) was calculated in relation to egg weight. After eggshell percentage was determined, thickness was measured using a manual micrometer (Mitutoyo ® ), with resolution of 0.1 mm.
Final data were submitted to polynomial regression analysis using the statistical software SAEG (1982) . Results of treatments fed with the control diet and with each of the different levels of sorghum were compared by the Dunnetts test (5%).
RESULTS AND DISCUSSION
The results of production performance of Japanese quails (Coturnix coturnix japonica) fed with diets containing different levels of sorghum are shown in Table 2 . There was a linear decrease (p<0.05) in egg production with increasing levels of sorghum in diets (Y=82.9138 0.0966553 X; R 2 =0.87; Figure 1 ). These results are in agreement with Armanious et al. (1973) and Malik & Quisenberry (1963) , who replaced corn for sorghum in laying hen diets at levels of 75 and 100% and detected a decrease in egg production, egg weight, and yolk pigmentation. When 50% of the corn was replaced by sorghum, values similar to the control group were obtained for egg production, egg weight and pigmentation. Bornstein & Bartov (1967) and Bonnino & Mazza (1971) did not report differences in egg production among the experimental treatments.
Feed: gain ratio was poorer with the increase in sorghum levels in diet; a linear increase (p<0.05) in feed: gain ratio was seen when expressed as kg/kg (Y=0.372174 + 0.000536191 X; R 2 =0.92) and as kg/ dozen (Y=2.1516 + 0.00423485X; R 2 =0.94) (Figures 2  and 3 ). Malik & Quisenberry (1963) and Costa et al. (1974) concluded that up to 50% of the corn might be replaced by sorghum with no negative effects on the feed/egg production ratio. However, the results are different from results reported by Chavez et al. (1966) , Bornstein & Bartov (1967) and Armanious et al. (1973) , who found no differences on feed: gain ratio.
Tannins were shown to reduce weight gain and apparent digestibility of nitrogen, amino acids and, to some extent, energy in the growth of non-ruminants, besides compromising the efficiency of feed: gain ratio (Jansman, 1993) . However, literature information about the influence of tannin on feed intake is conflicting.
The results showed a linear decrease (p<0.05) in egg mass (g, Figure 4 ) with increasing sorghum levels in the diets (Y = 8.0840626 0.009336932X; R 2 =0.80). No differences were seen by Dunnetts test (p>0.05) in quails fed with levels of 20, 40, 60 and 80% of sorghum, only the group fed 100% of sorghum showed differences (p<0.05) when compared to the control group.
The regression analysis showed a linear decrease (p<0.05) in yolk coloration (Y=7.14340-0.0546875X; R 2 = 0.98; Figure 5 ) with the increase of sorghum levels in diets. Such result was expected and several authors reported that sorghum has low carotenoid levels, which requires the inclusion of synthetic pigments in diets, so that the commercial quality of eggs is preserved (Armanious et al., 1973; Belyiavin & Marangos, 1988) . There were differences (p<0.05) in the yolk coloration of eggs produced by quails fed with 20, 40, 60, 80 and 100% of sorghum, when compared to the control group, probably due to the absence of xanthophylls in sorghum, which are responsible for the yellowish coloration of the yolk. These results corroborate the results reported by Malik & Quisenberry (1963) .
Differences were not seen (p>0.05) for feed intake, egg weight, Haugh unit, eggshell percentage and eggshell thickness. Costa et al. (1974) found no differences in mean egg weight when laying hens were fed with diets containing sorghum as corn substitute at levels of 50 and 100%. Malik & Quisenberry (1963) observed a decrease in egg weight when 75 and 100% of the corn in the diet was substituted; values were similar to the control group only when 50% of sorghum was used.
In spite of the high tannin level in the sorghum grains that were used (1.44%), no effects were seen on feed intake. This result showed that Japanese quails are more resistant to the effects of the astringent flavor of tannins added to the diet. CONCLUSIONS High tannin sorghum may replace corn at up to 80% in diets if a source of xantophyll pigments is added to the diets in order to maintain the commercial quality of the products. The final decision to replace corn by sorghum will be determined based on price and availability of this product. 
